Anacardium occidentale L. leaf demonstrates sexual enhancement effect. Therefore, it can be used as the potential supplement and functional ingredient. However, the ethanolic leaf extract of this plant is a modified form of traditional application and the toxicity evaluation is required. To assess cytotoxicity of the extract, RAW 264.7 cells were treated with A. occidentale leaf extract in the concentration range between 0.625 and 10 mg/mL. Our results showed that the extract showed more than 90% cell viability at the concentration of 2.5 mg/mL after 24-hour exposure. To assure the consumption safety, the acute and subchronic toxicity must be studied. Acute toxicity showed that the extract is safe even at the highest dose of 2 g/kg in both sexes of Wistar rats. No changes in behavior, physiology, gross pathology, and histology were observed. To determine the subchronic toxicity of extract, both sexes of Wistar rats were orally given the extract at doses of 20, 100, and 500 mg/kg once daily for 90 days. No changes in body weight, food, and water intake, motor coordination, behavior, and mental alertness were observed. The significant reduction of white blood cell, platelet, and cholesterol together with increase in MCHC was observed in male rats. The reductions of white blood cell and platelet together with the elevations of hemoglobin and hematocrit were also observed in female rats. However, all changes were in normal range. The current results revealed that an ethanolic extract of A. occidentale leaf was well tolerated via oral consumption up to dose of 500 mg/kg BW for 90 days and did not produce any toxicity. Our in vitro cytotoxicity test also confirmed this safety.
Introduction
Male sexual problems concerning ejaculation disorders, erectile dysfunction, and inhibited sexual desire are reported around 31-52% of population [1, 2] . However, the World Health Organization has emphasized that the value of sexual health includes not only the absence of disease, dysfunction, or infirmity but also the pleasure and positive function of sexual health [3] . Therefore, the displeasure of sexual desire has gained much attention from the public nowadays. Since sexual behavior enhancement is believed to increase the relationship satisfaction and self-esteem in humans [4] and the search for aphrodisiac or food or drug that arouses the sexual instinct, induces sexual desire, and increases pleasure and performance has gained much attention throughout history.
Currently, many herb-based aphrodisiacs have gained much attention. It has been reported that Anacardium occidentale Linn or Mamuang Himmapan in Thai or Cashew, a plant in a family of Anacardiaceae, is also reputed for aphrodisiac effect [5] . Our previous work has clearly revealed that an ethanolic extract of A. occidentale leaf improved male sexual function in stress exposed rats via an elevation of testosterone and the reduction of corticosterone and oxidative stress markers [5] . Although the aphrodisiac activity of this plant has been clearly shown, the safety consumption is very much essential and requires attention. The toxicity should be studied before the recommendation 2 BioMed Research International for human application. Data obtained from the acute oral toxicity study of 70% hydroethanolic extract of A. occidentale in mice showed that LD50 was 16g/kg body weight. Repetitive administration with high doses such as 2, 6, and 10 g/kg for 56 days decreased food intake, weight gain, and behavioral effects. Microscopic lesions of kidney and liver were also observed [6] . However, the concentration of hydroethanolic extract of A. occidentale used in this study is different from that used in our study. It is imperative to demonstrate that the 95% hydroethanolic extract of A. occidentale leaf which demonstrates a potent aphrodisiac activity does not exhibit health treats. Therefore, this study aimed to investigate the preclinical safety profile of A. occidentale leaf extract with respect to cytotoxicity, acute, and repeated-dose oral toxicity according to the guidelines of the Organization for Economic Cooperation and Development (OECD) [7, 8] .
Materials and Methods
. . Plant Collection and Extraction. Leaves of Anacardium occidentale (A. occidentale) Lin, a plant in a family of Arecaceae, were collected from Phuket province, Thailand, and authenticated by Associate Professor Dr. Panee Sirisa-ard, Faculty of Pharmacy, Chiangmai University, Thailand. The voucher specimen was deposited at Integrative Complementary Alternative Medicine Research and Development Center, Khon Kaen University. The preparation of 95% hydroethanolic extract of A. occidentale leaves was performed by maceration technique and dried by using rotary evaporator. The percentage yield of the extract was 17.32%. The concentration of total phenolic compounds was 102.963±0.006 mg gallic acid equivalent (GAE)/g extract. In addition, the contents of gallic acid and quercetin were 7.771±0.003 mg GAE/mg extract and 0.617±0.0001 mg QE/mg extract, respectively [5] .
. . In Vitro Cytotoxicity Test. Raw 264.7 cells (ATCC5 TIB-716) were used as experimental model. Cell viability was determined after the treatment with the tested substances with the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay. In brief, cells were cultured in Dulbecco's modified Eagle medium (DMEM) supplemented with 10% fetal bovine serum (FBS), 100 U/mL penicillin, and 100 g/mL streptomycin at 37 ∘ C in 5% CO 2 /95% air. Cells were seeded in 96-well plates at a density of 10 4 cells/well and incubated at 37 ∘ C, 5% CO 2 , overnight for cell attachment. After that, raw cells were washed by 1XPBS (phosphate buffer saline, pH 7.2) before treatment with 100 L of medium containing the cashew-leaves extract at various concentrations 10, 5, 2.5, 1.25, and 0.625 mg/mL at 37 ∘ C, 5% CO 2 , for 24 h. Sterile water was used as a vehicle control and Tween 20 was used as a positive control. After treatment, the well plate was washed by 1XPBS three times before the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay was performed. Briefly, 5 mg/mL of MTT solution (Gibco, Invitrogen, Life Technology, CA, USA) was added 10 L per well containing medium and the plate was incubated at 37 ∘ C, 5% CO 2 for 4 h. Then, the supernatant was removed and formazan crystal was solubilized with 100 L of pure dimethyl sulfoxide (DMSO) solution for 30 min, avoiding light. The absorbance at 540 nm was measured by using a microplate reader (Tecan5, Sunrise6, USA). The OD values were calculated in terms of relative cytotoxicity compared with growth control (GC) according to the equation shown below:
Percentage of cytotoxicity
The experiment was performed in duplicate and reported the average from three independent experiments. This method was applied according to Poulsen et al. [9] and Sambanthamoorthy et al. [10] .
. [7] . After the 7-day acclimatization period, a single dose of 2 g/kg BW of the freshly prepared extract was administered to each rat with an oral gavage needle. Body weight, mortality, and signs of toxicity such as asthenia, hypoactivity (motor activity), anorexia, diarrhea, piloerection, and respiratory activities were observed after the administration at 30, 60, and 120 minutes and every 2 hours on the first day. Then, they were observed once daily throughout a 14-day study period. On the 15 th day, all rats were sacrificed and internal organs such as heart, lungs, liver, stomach, small intestine, kidneys, spleen, testes, and ovary were observed macroscopically. All internal organs were placed in 10% neutral buffered formaldehyde solution and performed by histopathological examination.
. . . Subchronic Toxicity. A total of 120 rats (60 male and 60 female rats) were randomly allocated to eight groups with 15 animals per sex and dose group. Groups 1 and 5 were male and female rats which were kept as control and received vehicle or propylene glycol. Groups 2, 3, and 4 were male rats which were treated with A. occidentale leaf extract at doses of 20, 100, and 500 mg/kg BW whereas groups 6, 7, and 8 were female rats which were treated with various doses of extract . . Statistical Analysis. All data were presented as mean ± SEM. Data were analyzed using ANOVA followed by Dunnett's multiple comparison test. P values less than 0.05 were considered as statistically significant.
Results
. . Cytotoxicity. The effect of various concentrations of A. occidentale leaf extract at the concentrations of 0.625, 1.25, 2.5, 5, and 10 mg/mL on cell viability was determined and results are shown in Table 1 .
Our data show that after 24-hour exposure period, vehicle or sterile water and the extract at the concentrations of 0.625 and 1.25 mg/mL fail to produce the significant cell toxicity. An extract at the concentrations of 2.5, 5, and 10 mg/mL produced toxicity to the cell around 8.86 ± 0.5%, 21.86 ± 0.5, and 29.71 ± 0.5%, respectively (P value<.01, .001 and .001; compared to vehicle treated group).
. . Acute Toxicity. No death and toxicity signs were observed within 24 hours after single oral administration of 95% hydroethanolic extract of A. occidentale leaf at dose of 2 g/kg BW. All animals also showed healthy appearance with normal physical activities and no signs of toxicity were observed throughout a 14-day study period. No significant changes in body weight and organ weights were observed as shown in Tables 2-3 . Tables 4 and 5 showed that male rats which received the extract at dose of 2 g/kg BW showed a significant increase in white blood cell (WBC) and mean corpuscular volume (MCV) (P value<.05 and .001, respectively, compared to vehicle treated group) whereas female rats which received the extract at the same dose showed only the increase in mean corpuscular hemoglobin concentration (MCHC) (P value<.01, compared to vehicle treated group). Clinical chemistry data in Table 6 show that male rats which received the extract at dose of 2 g/kg BW significantly decreased creatinine, alanine aminotransferase (ALT), and alkaline phosphatase (ALP) values (P value<.05, .01 and .01, respectively, compared to vehicle treated group) while female rats significantly decreased blood urea nitrogen (BUN) and creatinine but increased ALT and aspartate aminotransferase (AST) (P value<.001, .001, .01, and .001, compared to vehicle treated group) as shown in Table 7 . However, all changes were in the normal range. In addition, no lesions were observed in all organs investigated in this study as shown in Figures 1-7. . . Subchronic Toxicity. Table 8 shows that the extract at all doses used in this study failed to produce a significant change in percent increase in body weight throughout the study period. In addition, male and female rats which received the extract at the dosage range used in this study failed to show the significant changes in relative organ weights as shown in Tables 9 and 10 . It was found that male rats which received the extract at 100 mg/kg BW significantly decreased WBC and platelets but increased mean corpuscular hemoglobin concentration (MCHC) (P value<.001, .05, and .05, respectively, compared to vehicle treated group) as shown in Table 11 . In addition, the reduction of WBC was also observed in male rats which received the extract at dose of 500 mg/kg BW (P value<.001, compared to vehicle treated group). Table 12 shows that all doses of A. occidentale leaf extract used in this study significantly decreased WBC and platelets in female rats study (P value<.05, .05, and .001; P value<.05 all, compared to vehicle treated group). In addition, the highest dose of extract also increased hematocrit (Hct) and hemoglobin (Hb) (P value<.05 all, compared to vehicle treated group). Tables 13 and 14 report the clinical chemistry values of male and female rats treated with the extract at doses of 20, 100, and 500 mg/kg BW. It was found that all doses of extract significantly decreased the level of serum triglyceride in male rats (P value<.05, .001, and .01, respectively, compared to vehicle treated group). However, the change was still in the normal range. No significant changes of other parameters were observed. However, the extract at the dosage range used in this study failed to produce the significant changes of all parameters in female rats as shown in Table 14 . No lesions in any internal organs of male and female rats were observed in this study as shown in Figures 8-21. 
Discussion
A. occidentale is a potential herb reputed for sexual impotence and our pharmacological study also confirmed that the extract of A. occidentale leaf at doses of 25, 100, and 200 mg/kg BW exhibited sexual enhancing effect in male rats subjected to stress exposure [5] . It could exert the effect at multiple targets such as the increase in testosterone level and monoaminergic function especially dopaminergic system White blood cell count (WBC), red blood cell count (RBC), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), and hemoglobin concentration (MCHC). * P value<.05 and * * * P value<.001, compared to vehicle treated group. together with the suppression of phosphodiesterase-5 (PDE-5) and corticosterone [5] . Therefore, it has the potential to apply in human as aphrodisiac supplement. Currently, no toxicity study of 95% hydroethanolic extract of A. occidentale leaf is available. However, this information is essential to register for the approval of consumption safety from Food and Drug Administration (FDA), Ministry of Public Health, Thailand [11] . In addition, it is also required according to FDA of other countries such as US Food and Drug Administration (FDA) [12] .
Our data demonstrated that the extract showed no significant cell toxicity at the concentration of 1.25 mg/mL after 24-hour exposure. The administered substance must be absorbed and distributes in the blood circulation before entering and distributing in the target organ. We can calculate the dose of A. occidentale extract which should be safe when it is applied to animal (in vivo) study by using the in vitro derived dose which showed cell viability around 100%. The blood volume of the rat weighing 1000 g is around 64 mL [12] so the dose which should be applied in rat 1000 g is 160 mg (2.5mLx blood volume of rat 1000 g or 64 ml).
It has been found that acute toxicity study showed that LD50 was more than 2000 mg/kg BW. This dose also failed to show the toxicity signs throughout the experimental period. All changes of hematological and clinical chemistry parameters were in the normal range. Therefore, the maximum tolerated dose (MTD) was 2000 mg/kg BW. Our data showed that no toxicity to the white cell was observed although the applied dose was very much higher than the calculation value (160 mg). The possible explanation might be due to the absorption capability and first pass effect of substance via in vivo system.
In the subchronic study, the increase in body weight gain in female rats which received A. occidentale extract at all doses used in this study was less than that of control. The extract trended to decrease platelet and white cell count in both male and female rats. It also increased MCHC in male and increased both Hct and Hb in female rats. Although all changes were in normal range, these data suggested that the extract might modify the production of WBC, platelet, and RBC by bone marrow [13, 14] . However, the destruction process modification of platelet and RBC via macrophage [15, 16] and the destruction process of WBC and RBC by spleen, liver, and lymphatic tissue could not be excluded [17, 18] . In addition, the reduction of triglyceride was also observed in male rats which received extract at all doses of extract but no change was observed in female rats. These data pointed out that the extract showed gender specificity. Based on the information that sex hormones are important regulators of plasma lipid kinetics [19] , we suggest that the synthesis of sex hormone from lipid precursor such as cholesterol also contributes an important role on the reduction of triglyceride observed in this study. Since the cholesterol contained high levels of triglyceride [20] , triglyceride was also used for synthesizing sex steroid hormone giving rise to the reduction of serum triglycerides. However, the synthesis of female sex hormone also uses cholesterol pool but no changes in triglycerides. The possible explanation for this phenomenon is associated partly with the difference in modulation effect of male and female sex hormones on lipid metabolism [21] . However, no closed relationship between triglycerides and cholesterol levels was observed. These changes might occur because cholesterol can be changed to many substances such as steroid hormones including sex steroid, LDL-cholesterol, HDL-cholesterol, and VLDL-cholesterol and can be used as the components in plasma membrane to increase stability of membrane [20, 22, 23] . The change of cholesterol is also under the influence of many factors [24] . Therefore, the level of cholesterol did not change in association with the level of triglycerides.
In this study, all changes in hematology and clinical chemistry were in normal range and no adverse effect was observed. Therefore, No Observed Adverse Effect Level (NOAEL) was 500 mg/kg BW. However, the chronic toxicity tested is still necessary to assure the safety of long term consumption because the extract trended to modify the blood homeostasis. The current data clearly demonstrated that the 95% hydroethanolic extract of A. occidentale leaf was well tolerated in daily consumption at doses up to 500 mg/kg for a period of 90 days and did not produce any toxicity. Our results were not in agreement with Iyare et al. [25] who demonstrated both liver and kidney toxicities induced by 70% hydroethanolic extract of A. occidentale leaf. The possible underlying mechanism might be the different source and cultivar of A. occidentale leaf and different extraction method. 
Conclusion
Our in vitro and in vivo studies demonstrate that LD50 of the extract is more than 2000 mg/kg and repeated consumption of extract for 90 days is safe up to 500 mg/kg. Since the sexual enhancing effect of this extract obtained from our previous work is in the range between 25 and 200 mg/kg BW, it should be safe for the application as aphrodisiac supplement. However, chronic toxicity and clinical trial are required to assure both safety and efficacy of the extract.
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